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(57) ABSTRACT

The positional precision assessment device has a processor
configured to estimate a first location of a moving object at
a first time based on an image representing road features and
positional information, estimate a second location at the first
time based on a location of the moving object at the second
time and an amount of movement and change in direction
from the second time to the first time, input the first and
second location into a filter and calculate a current location
at the first time, and determine a state of precision of the
current location based on a difference between the current
location of the moving object and a location estimated based
on a location of the moving object at a time prior to the first
time and an amount of movement and change in direction
from the prior time to the first time.

8 Claims, 8 Drawing Sheets
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1
POSITIONAL PRECISION ASSESSMENT
DEVICE, STORAGE MEDIUM STORING
COMPUTER PROGRAM FOR POSITIONAL
PRECISION ASSESSMENT, AND METHOD
FOR DETERMINING POSITIONAL
PRECISION

FIELD

The present disclosure relates to a positional precision
assessment device, to a storage medium storing a computer
program for positional precision assessment, and to a
method for determining positional precision.

BACKGROUND

An autonomous control system mounted in a vehicle
creates a navigation route for the vehicle based on the
current location of the vehicle, the destination location of the
vehicle, and a navigation map. The autonomous control
system estimates the current location of the vehicle using the
map information and causes the vehicle to travel along the
navigation route.

The autonomous control system is preferably capable of
precisely estimating the current location of the vehicle. For
example, the autonomous control system may estimate a
first estimated location based on an image representing road
features on the road surface surrounding the vehicle, and
positional information for the road features on the map. The
autonomous control system may also estimate a second
estimated location based on the location of the vehicle at a
previous time and the amount of movement of the vehicle
from the previous time to the current time, as well as the
degree of change in direction. The autonomous control
system may estimate the current location of the vehicle
based on the first estimated location and second estimated
location (see Japanese Unexamined Patent Publication No.
2016-224802, for example).

SUMMARY

The current location of the vehicle estimated based on the
first estimated location and second estimated location may
not be accurate, depending on factors such as the condition
of the road features represented in the image, errors in the
amount of movement or change in direction of the vehicle,
or lateral sliding of the vehicle. Since the autonomous
control system causes the vehicle to travel based on the
current location of the vehicle, any error in the current
location of the vehicle can potentially prevent the vehicle
from being caused to safely travel.

It is an object of the present disclosure to provide a
positional precision assessment device that can determine
the state of precision of an estimated current location of the
moving object.

One embodiment of the invention provides a positional
precision assessment device. The positional precision
assessment device has a first location estimating unit that
estimates a first location of a moving object at a first time
based on an image representing road features on a road
surface surrounding the moving object at the first time and
positional information for the road features on the road
surface, a second location estimating unit that estimates a
second location of the moving object at the first time based
on a location of the moving object at a second time which
is before the first time, and an amount of movement and
change in direction of the moving object from the second
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time to the first time, a calculating unit that inputs the first
location and second location at the first time into a prediction
filter and calculates a current location of the moving object
at the first time, and an assessment unit that determines a
state of precision of the current location of the moving object
based on a first difference between the current location of the
moving object at the first time and a location estimated based
on a location of the moving object at a time prior to the first
time and an amount of movement and change in direction of
the moving object from the prior time to the first time.

The assessment unit in the positional precision assessment
device preferably calculates a second difference between the
first location and the second location of the moving object at
the first time, and the assessment unit preferably determines
the state of precision of the current location of the moving
object based on the first difference and second difference.

The assessment unit in the positional precision assessment
device preferably uses a different reference when determin-
ing for change from a good state to a poor state of precision
of the current location of the moving object, and when
determining for change from the poor state to the good state
of precision of the current location of the moving object.

The assessment unit of the positional precision assess-
ment device also preferably determines the state of precision
of the current location of the moving object by comparing
the second difference with a predetermined reference thresh-
old.

The assessment unit of the positional precision assess-
ment device preferably further notifies a driver of need to
participate in operation of the moving object, via a notifi-
cation unit, based on the state of precision of the current
location of the moving object.

The assessment unit of the positional precision assess-
ment device also preferably uses the second time as the
previous time.

According to another embodiment, a non-transitory stor-
age medium storing a computer program for a computer
program for positional precision assessment is provided.
The computer program for positional precision assessment
causes a processor execute a process, the process includes
estimating a first location of a moving object at a first time
based on an image representing road features on a road
surface surrounding the moving object at the first time and
positional information for the road features on the road
surface, estimating a second location of the moving object at
the first time based on a location of the moving object at a
second time which is before the first time, and an amount of
movement and change in direction of the moving object
from the second time to the first time, inputting the first
location and second location at the first time into a prediction
filter and calculate a current location of the moving object at
the first time, and determining a state of precision of the
current location of the moving object based on a first
difference between the current location of the moving object
at the first time and a location estimated based on a location
of the moving object at a time prior to the first time and an
amount of movement and change in direction of the moving
object from the prior time to the first time.

According to yet another embodiment of the invention
there is provided a method for determining positional pre-
cision carried out by a positional precision assessment
device. The method for determining positional precision
includes estimating a first location of a moving object at a
first time based on an image representing road features on a
road surface surrounding the moving object at the first time
and positional information for the road features on the road
surface, estimating a second location of the moving object at
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the first time based on a location of the moving object at a
second time which is before the first time, and an amount of
movement and change in direction of the moving object
from the second time to the first time, inputting the first
location and second location at the first time into a prediction
filter and calculate a current location of the moving object at
the first time, and determining a state of precision of the
current location of the moving object based on a first
difference between the current location of the moving object
at the first time and a location estimated based on a location
of the moving object at a time prior to the first time and an
amount of movement and change in direction of the moving
object from the prior time to the first time.

The positional precision assessment device of the present
disclosure can determine the state of precision of an esti-
mated current location of the moving object.

The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims. It is to be
understood that both the foregoing general description and
the following detailed description are exemplary and
explanatory and are not restrictive of the invention, as
claimed

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a diagram illustrating operation of the posi-
tional precision assessment device of the embodiment in
overview.

FIG. 1B is a diagram illustrating operation of the posi-
tional precision assessment device of the embodiment in
overview.

FIG. 2 is a general schematic drawing of a vehicle in
which a vehicle control system is mounted that has a
positional precision assessment device of the embodiment.

FIG. 3 is an example of an operation flow chart for
positional precision assessment processing of a location
estimating device according to the embodiment.

FIG. 4 is a diagram illustrating a prediction filter.

FIG. 5 is a diagram illustrating an example of a first
difference.

FIG. 6 is a diagram illustrating an example of a second
difference.

FIG. 7 is a diagram illustrating an example of assessment
processing.

FIG. 8 is an example of an operation flow chart for
assessment processing of a location estimating device
according to the embodiment.

FIG. 9 is a diagram illustrating a manner of considering
how to determine poorer condition and improved condition
(D.
FIG. 10 is a diagram illustrating a manner of considering
how to determine poorer condition and improved condition

@-
DESCRIPTION OF EMBODIMENTS

FIG. 1A and FIG. 1B are diagrams illustrating operation
of the positional precision assessment device of the embodi-
ment in overview. The following is a summary of operation
relating to positional precision assessment processing of a
location estimating device 12 as an example of the positional
precision assessment device disclosed herein, explained
with reference to FIG. 1A and FIG. 1B.

A vehicle 10 travels while the current location is esti-
mated in a predetermined cycle using a location estimating
device 12. The vehicle 10 is an example of a moving object.
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As shown in FIG. 1A, the location estimating device 12
estimates the location of the vehicle 10 at time t1, based on
an image showing road features (such as lane marking lines)
on the road surface surrounding the vehicle 10 at time t1, and
positional information for the road features on the road
surface (such as map information). Similarly, at time t2
where a predetermined cycle has elapsed after time t1, the
location estimating device 12 estimates a location P1 of the
vehicle 10 at time t2 (the estimated location based on road
features).

The location estimating device 12 also estimates a loca-
tion P2 of the vehicle 10 at time t2 (estimated location by
dead reckoning), based on the location of the vehicle 10 at
time t1 and the amount of movement and change in direction
of vehicle 10 from time t1 up to time t2.

The location estimating device 12 inputs location P1 and
location P2 of the vehicle 10 at time 12 into a prediction filter
(such as a Kalman filter), and calculates the current location
PO of the vehicle 10 at time t2 (estimated location by
prediction filter). The current location P0 is used to control
driving of the vehicle 10. The current location PO is also
used to determine the next second estimated location (esti-
mated location by dead reckoning).

The location estimating device 12 calculates the differ-
ence D between estimated location P2 of the vehicle 10 at
time t2 and the current location P0. In the example shown in
FIG. 1A, the lateral difference in the transverse direction
perpendicular to the traveling direction of the vehicle 10 is
represented as the difference D.

The following factors can potentially produce the differ-
ence D. (1) Abnormalities in the camera that takes the image
representing the road features on the road surface surround-
ing the vehicle 10, (2) lack of clarity of road features on the
road surface surrounding the vehicle 10 (for example, thin
spots on lane marking lines), (3) mismatch between the high
precision map representing the positional information for the
road features on the road surface, and the current terrain, (4)
abnormalities in the speed sensor used to determine the
amount of movement of the vehicle 10, (5) abnormalities in
the yaw rate sensor used to determine the amount of change
in direction of the vehicle 10, and (6) transverse sliding of
the vehicle 10.

The location estimating device 12 determines the state of
precision for the current location of the vehicle 10 based on
the difference D. In the example shown in FIG. 1B, the state
of precision of the current location of the vehicle 10 is
determined as Normal 1 (Normal), Normal 2 (Hands-off),
Abnormal 1 (Hands-on) or Abnormal 2 (Transition Demand:
TD). The state of precision of the current location of the
vehicle 10 is optimal at Normal 1 (Normal), followed by
Normal 2 (Hands-off), Abnormal 1 (Hands-on) and Abnor-
mal 2 (TD).

When the state of precision of the current location of the
vehicle 10 is determined to be Normal 1 or Normal 2,
driving of the vehicle 10 is automatically controlled in a safe
manner based on the current location of the vehicle 10
estimated by the location estimating device 12.

When the state of precision of the current location of the
vehicle 10 is determined to be Abnormal 1 or Abnormal 2,
on the other hand, driving of the vehicle 10 may not be
automatically controlled in a safe manner based on the
current location of the vehicle 10 estimated by the location
estimating device 12.

When the state of precision of the current location of the
vehicle 10 is determined to be Abnormal 1 (Hands-on), the
location estimating device 12 notifies the driver of a hands-
on request, for hands-on steering. When the state of preci-
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sion of the current location of the vehicle 10 is determined
to be Abnormal 2 (TD), the location estimating device 12
notifies the driver of a control transition request for switch-
ing driving of the vehicle 10 from autonomous control to
manual control.

For example, if the lane marking lines, as an example of
a road feature, are not properly represented in the image due
to a camera abnormality, the state of precision of the current
location of the vehicle 10 may determine the condition to be
Abnormal 1 or 2. If the lane marking lines are not properly
identified from the image due to thin spots in the lane
marking lines, then the state of precision of the current
location of the vehicle 10 may likewise determine the
condition to be Abnormal 1 or 2. The state of precision of the
current location of the vehicle 10 is therefore affected not
only by hardware such as sensors, but also by factors other
than hardware.

Since the location estimating device 12 can thus deter-
mine the state of precision of the estimated current location
of'the vehicle 10, it can serve as information for safe driving
of the vehicle 10 based on the determined results.

FIG. 2 is a general schematic drawing of a vehicle in
which a vehicle control system 1 is mounted that has a
location estimating device 12 of the embodiment. The
vehicle control system 1 has a camera 2, a positioning
information receiver 3, a navigation device 4, a user inter-
face (UI) 5, a vehicle speed sensor 6, a yaw rate sensor 7, a
map information storage device 11, a location estimating
device 12, an object detector 13, a traveling lane planning
device 14, a drive planning device 15 and a vehicle control
device 16. The vehicle control system 1 may also have a
LiDAR sensor, as a distance sensor (not shown) for mea-
surement of the distance of the vehicle 10 to surrounding
objects.

The camera 2, positioning information receiver 3, navi-
gation device 4, Ul 5, vehicle speed sensor 6, yaw rate
sensor 7, map information storage device 11, location esti-
mating device 12, object detector 13, traveling lane planning
device 14, drive planning device 15 and vehicle control
device 16 are connected in a communicable manner through
an in-vehicle network 17 that conforms to controller area
network standards.

The camera 2 is an example of an imaging unit provided
in the vehicle 10. The camera 2 is mounted inside the vehicle
10 and directed toward the front of the vehicle 10. The
camera 2, for example, takes a camera image in which the
environment of a predetermined region ahead of the vehicle
10 is shown, at a predetermined cycle. The camera image
can show the road in the predetermined region ahead of the
vehicle 10, and road features such as surface lane marking
lines on the road. The camera 2 has a 2D detector composed
of'an array of photoelectric conversion elements with visible
light sensitivity, such as a CCD or C-MOS, and an imaging
optical system that forms an image of the photographed
region on the 2D detector.

Each time a camera image is taken, the camera 2 outputs
the camera image and the camera image photograph time at
which the camera image was taken, through the in-vehicle
network 17 to the location estimating device 12 and object
detector 13 etc. The camera image is also used for process-
ing at the location estimating device 12 to estimate the
location of the vehicle 10. At the object detector 13, the
camera image is used for processing to detect other objects
surrounding the vehicle 10.

The positioning information receiver 3 outputs position-
ing information that represents the current location of the
vehicle 10. The positioning information receiver 3 may be a
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GNSS receiver, for example. The positioning information
receiver 3 outputs positioning information and the position-
ing information acquisition time at which the positioning
information has been acquired, to the navigation device 4
and map information storage device 11 etc., each time
positioning information is acquired at a predetermined
receiving cycle.

Based on the navigation map information, the destination
location of the vehicle 10 input through the UI 5, and
positioning information representing the current location of
the vehicle 10 input from the positioning information
receiver 3, the navigation device 4 creates a navigation route
from the current location to the destination location of the
vehicle 10, in response to a request by the driver. The
navigation route includes information relating to the loca-
tions of right turns, left turns, merging and branching. When
the destination location has been newly set or the current
location of the vehicle 10 has exited the navigation route, the
navigation device 4 creates a new navigation route for the
vehicle 10. Every time a navigation route is created, the
navigation device 4 outputs the navigation route to the
location estimating device 12 and the traveling lane planning
device 14 etc., via the in-vehicle network 17.

The UI 5 is an example of the notification unit. The UI 5,
controlled by the navigation device 4 and location estimat-
ing device 12, notifies the driver of the vehicle 10 traveling
information, hands-on request or control transition request.
The traveling information of the vehicle 10 includes infor-
mation relating to the current location of the vehicle and the
current and future route of the vehicle, such as the naviga-
tion route. The hands-on request is a request for the driver
to hold the steering wheel. A control transition request is a
request for the driver to switch driving of the vehicle 10
from autonomous control to manual control. The UI 5 also
creates an operation signal in response to operation of the
vehicle 10 by the driver. The Ul 5 has a display device 5a
such as a liquid crystal display or touch panel, for display of
the traveling information. The Ul 5 may also have an
acoustic output device (not shown) to notify the driver of
traveling information. The UI 5 also has a touch panel or
operating button, for example, as an input device for input-
ting operation information from the driver to the vehicle 10.
The operation information may be, for example, a destina-
tion location, transit points, vehicle speed or other control
information for the vehicle 10. The UI 5 outputs the input
operation information to the navigation device 4 and the
vehicle control device 16 etc., via the in-vehicle network 17.

The vehicle speed sensor 6 detects information for the
speed of the vehicle 10, and outputs the vehicle speed
information and the speed information acquisition time at
which the vehicle speed information was acquired, to the
location estimating device 12 etc through the in-vehicle
network 17. The vehicle speed sensor 6 is mounted on an
axle (not shown), for example, and detects the rotational
speed of the axle, outputting a pulse signal in proportion to
the rotational speed.

The yaw rate sensor 7 detects the yaw rate of the vehicle
10, and outputs the yaw rate and a yaw rate information
acquisition time at which the yaw rate was acquired, to the
location estimating device 12 etc. through the in-vehicle
network 17. An acceleration sensor such as a gyroscope, for
example, may be used as the yaw rate sensor 7.

The map information storage device 11 stores wide-area
map information for a relatively wide area (an area of 10 to
30 km?, for example) that includes the current location of the
vehicle 10. The map information preferably has high preci-
sion map information including three-dimensional informa-
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tion for the road surface, information for the types and
locations of structures and road features such as road surface
marking lines, and the legal speed limit for the road. The
map information storage device 11 receives the wide-area
map information from an external server via a base station,
by wireless communication through a wireless communica-
tion device (not shown) mounted in the vehicle 10, in
relation to the current location of the vehicle 10, and stores
it in the storage device. Each time positioning information is
input from the positioning information receiver 3, the map
information storage device 11 refers to the stored wide-area
map information and outputs map information for a rela-
tively narrow area including the current location represented
by the positioning information (for example, an area of 100
m? to 10 km?), through the in-vehicle network 17 to the
location estimating device 12, object detector 13, traveling
lane planning device 14, drive planning device 15 and
vehicle control device 16 etc.

The location estimating device 12 carries out location
estimation processing, calculation processing and assess-
ment processing. For this purpose, the location estimating
device 12 has a communication interface (IF) 21, a memory
22 and a processor 23. The communication interface 21,
memory 22 and processor 23 are connected via signal wires
24. The communication interface 21 has an interface circuit
to connect the location estimating device 12 with the in-
vehicle network 17.

All or some of the functions of the location estimating
device 12 are functional modules driven by a computer
program operating on the processor 23, for example. The
processor 23 has a location estimating unit 230, a calculating
unit 231 and an assessment unit 232. Alternatively, the
functional module of the processor 23 may be a specialized
computing circuit in the processor 23. The processor 23
comprises one or more CPUs (Central Processing Units) and
their peripheral circuits. The processor 23 may also have
other computing circuits such as a logical operation unit,
numerical calculation unit or graphic processing unit. The
memory 22 is an example of a memory unit, and it has a
volatile semiconductor memory and a non-volatile semicon-
ductor memory, for example. The memory 22 stores an
application computer program and various data to be used
for information processing carried out by the processor 23 of
each device.

Each time the current location of the vehicle 10 is
determined at the camera image photograph time, the loca-
tion estimating device 12 outputs the current location to the
object detector 13, traveling lane planning device 14, drive
planning device 15 and vehicle control device 16 etc.
Operation of the location estimating device 12 will be
described in detail below.

The object detector 13 detects other objects around the
vehicle 10 and their types (for example, vehicles) based on
the camera image, for example. Other objects also include
other vehicles traveling around the vehicle 10. The object
detector 13 tracks other detected objects and determines the
trajectories of the other objects. In addition, the object
detector 13 identifies the traveling lanes in which the other
objects are traveling, based on the lane marking lines
represented in the map information and the locations of the
objects. The object detector 13 outputs object detection
information which includes information representing the
types of other objects that were detected, information indi-
cating their locations, and also information indicating their
traveling lanes, to the traveling lane planning device 14 and
drive planning device 15 etc.
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At a traveling lane-planning creation time set in a prede-
termined cycle, the traveling lane planning device 14 selects
a traffic lane on the road on which the vehicle 10 is traveling,
within the nearest driving zone (for example, 10 km)
selected from the navigation route, based on the map infor-
mation, the navigation route and surrounding environment
information and the current location of the vehicle 10, and
creates a traveling lane plan representing the scheduled
traveling lane for traveling of the vehicle 10. For example,
the traveling lane planning device 14 creates a traveling lane
plan for the vehicle 10 to travel on a traffic lane other than
a passing traffic lane. Each time a traveling lane plan is
created, the traveling lane planning device 14 outputs the
drive planning device 15 of the traveling lane plan.

The traveling lane planning device 14 also determines
whether or not a lane change is necessary within the nearest
driving zone selected from the navigation route, based on the
traveling lane plan, the map information, the navigation
route and the current location of the vehicle 10, and gener-
ates a lane change plan in accordance with the assessment
results. Specifically, the traveling lane planning device 14
determines whether or not a lane change is necessary for
moving to a traffic lane toward the destination location of the
vehicle 10, based on the navigation route and the current
location of the vehicle 10. It is determined whether or not the
vehicle 10 is approaching another road that merges ahead
from the traveling road on which it is currently traveling
(merge), or the vehicle 10 is exiting onto another road
branching out ahead from the traveling road (branch). Since
merging and branching involve movement of the vehicle
from a lane of the traveling road to a lane in another road,
a lane change is carried out. The traveling lane planning
device 14 may further utilize surrounding environment
information or vehicle status information to determine
whether or not a lane change is necessary. The surrounding
environment information includes the locations and speeds
of other vehicles traveling around the vehicle 10. The
vehicle status information includes the current location of
the vehicle 10, and the vehicle speed, acceleration and
traveling direction. When a lane change plan has been
generated, the traveling lane planning device 14 outputs the
traveling lane plan with the added lane change plan to the
drive planning device 15.

At a driving plan creation time set with a predetermined
cycle, the drive planning device 15 carries out driving plan
processing in which it creates a driving plan representing the
scheduled traveling trajectory of the vehicle 10 up until a
predetermined time (for example, 5 seconds), based on the
traveling lane plan, the map information, the current location
of the vehicle 10, the surrounding environment information
and the vehicle status information. The driving plan is
represented as a combination of the target location of the
vehicle 10 and the target vehicle speed at the target location,
at each time from the current time until the predetermined
time. The cycle in which the driving plan is created is
preferably shorter than the cycle in which the traveling lane
plan is created. The drive planning device 15 generates a
driving plan to maintain a spacing of at least a predetermined
distance between the vehicle 10 and other vehicles. When
the traveling lane plan includes a lane change wherein the
vehicle 10 is to move between lanes, but a spacing of at least
a predetermined distance cannot be ensured between the
vehicle 10 and another vehicle, the drive planning device 15
generates a driving plan for stopping the vehicle 10. The
drive planning device 15 outputs the driving plan to the
vehicle control device 16 for each driving plan generated.
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The vehicle control device 16 controls each unit of the
vehicle 10 based on the current location of the vehicle 10
and the vehicle speed and yaw rate, as well as on the driving
plan generated by the drive planning device 15. For
example, the vehicle control device 16 determines the steer-
ing angle, acceleration and angular acceleration of the
vehicle 10 according to the driving plan and the speed and
yaw rate of the vehicle 10, and sets the amount of steering,
and the accelerator or brake level so as to match that steering
angle, accelerator level and angular acceleration. The
vehicle control device 16 also outputs a control signal
corresponding to a set steering amount, to an actuator (not
shown) that controls the steering wheel for the vehicle 10,
via the in-vehicle network 17. The vehicle control device 16
also determines the amount of fuel injection according to a
set accelerator level, and outputs a control signal corre-
sponding to the amount of fuel injection to a drive unit (not
shown) of the engine of the vehicle 10, via the in-vehicle
network 17. Alternatively, the vehicle control device 16 may
output a control signal corresponding to a set brake level to
the brake (not shown) of the vehicle 10, via the in-vehicle
network 17.

The vehicle control device 16 has an autonomous control
operating mode in which the vehicle 10 is operated by the
autonomous control system 1, and a manual control oper-
ating mode in which the driver operates the vehicle 10
manually. When autonomous control operating mode has
been applied, the vehicle control device 16 enables autono-
mous control of operation of the vehicle 10 including engine
actuation, braking and steering. When the driver has
acknowledged the control change notification that change
from autonomous control to manual control is required, the
vehicle control device 16 in autonomous control operating
mode switches operation of the vehicle 10 from autonomous
control operating mode to manual control operating mode.
Therefore when the vehicle 10 cannot safely travel by
autonomous control, the driver can use the steering wheel,
accelerator pedal and brake pedal (not shown) for traveling
by manually controlled operation of the vehicle 10. In the
manual control operating mode, at least one operation of the
vehicle 10 from among engine actuation, braking and steer-
ing is controlled manually. The vehicle control device 16
generates a control signal in response to the degree of
operation of the steering wheel, accelerator pedal and brake
pedal. A change from autonomous control to manual control
is possible, depending on the request by the driver.

For FIG. 2, the map information storage device 11,
location estimating device 12, object detector 13, traveling
lane planning device 14, drive planning device 15 and
vehicle control device 16 were explained as separate devices
(Electronic Control Units (ECU), for example), but all or
some of them may be constructed in a single device.

FIG. 3 is an example of an operation flow chart for
positional precision assessment processing of the location
estimating device 12 according to the embodiment. Posi-
tional precision assessment processing by the location esti-
mating device 12 will now be explained with reference to
FIG. 3. The location estimating device 12 carries out posi-
tional precision assessment processing according to the
operation flow chart shown in FIG. 3, each time a camera
image is input.

First, the location estimating unit 230 estimates the first
estimated location of the vehicle 10 at the current camera
image photograph time, based on the camera image repre-
senting road features on the road surface surrounding the
vehicle 10 at the current camera image photograph time, and
positional information for the road features on the road
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surface (step S101). The location estimating unit 230 is an
example of a first location estimating unit. For example, the
location estimating unit 230 compares lane marking lines
identified in the camera image with lane marking lines
represented in the map information input from the map
information storage device 11, and determines the first
estimated location and first estimated direction of the vehicle
10 at the camera image photograph time. The lane marking
line is an example of a road feature.

The location estimating unit 230 then estimates a second
estimated location (location estimated by dead reckoning)
and second estimated direction of the vehicle 10 at the
current camera image photograph time, based on the loca-
tion of the moving object at the previous camera image
photograph time and on amount of movement and change in
direction of the vehicle 10 from the previous camera image
photograph time to the current camera image photograph
time (step S102). The location estimating unit 230 is an
example of a second location estimating unit. The location
estimating unit 230 integrates the vehicle speed determined
from the information for the speed of the vehicle 10, and
determines the amount of movement of the vehicle 10
between the previous and current camera image photograph
time. The location estimating unit 230 also integrates the
yaw rate determined from the information for the yaw rate
of the vehicle 10, and determines the amount of change in
direction of the vehicle 10 between the previous and current
camera image photograph time. Using the location and
direction of the vehicle 10 at the previous camera image
photograph time, and the amount of movement and change
in direction, the location estimating unit 230 determines the
second estimated location and second estimated direction,
estimated by dead reckoning.

As shown in FIG. 4, the calculating unit 231 then inputs
the first estimated location and first estimated direction, as
well as the second estimated location and second estimated
direction, into a prediction filter and calculates the current
location and current direction of the vehicle 10 at the current
camera image photograph time (step S103). FIG. 4 is a
diagram illustrating a prediction filter. The prediction filter
used may be a Kalman filter, for example. However, the
prediction filter used may also be a filter other than a Kalman
filter.

The location estimating unit 230 estimates the road trav-
eling lane where the vehicle 10 is located, based on the lane
marking lines represented in the map information and on the
current location and current direction of the vehicle 10. Each
time the current location and current direction of the vehicle
10 and the traveling lane are determined for the camera
image photograph time, the location estimating unit 230
outputs this information to the object detector 13, traveling
lane planning device 14, drive planning device 15 and
vehicle control device 16 etc.

The location estimating unit 230 then estimates a third
estimated location of the vehicle 10 at the current camera
image photograph time, based on the location and direction
of the vehicle 10 at a camera image photograph time prior
to the current camera image photograph time, and on the
amount of movement and change in direction of the vehicle
10 from that previous camera image photograph time to the
current camera image photograph time (step S104). The
camera image photograph time prior to the current camera
image photograph time may be the previous camera image
photograph time. In this case, the third estimated location
will be the same as the second estimated location, and
therefore step S104 is omitted. The camera image photo-
graph time prior to the current camera image photograph
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time may also be another time, such as two camera image
photograph times prior, for example.

The assessment unit 232 then determines a first difference
between the first estimated location and second estimated
location of the vehicle 10 at the current camera image
photograph time (step S105). The first difference represents
the distance between the first estimated location and second
estimated location. The first difference may also be divided
into a vertical difference in the direction matching the
traveling direction of the vehicle 10 and a horizontal differ-
ence in the transverse direction perpendicular to the travel-
ing direction of the vehicle 10. The first difference may also
be the distance between two locations on the map. The first
difference is an example of the second difference described
in the Claims.

FIG. 5 is a diagram illustrating an example of the first
difference. At the current camera image photograph time t2,
the vehicle 10 has moved from the location at the previous
camera image photograph time t1 to first estimated location
P1. At the current camera image photograph time t2, the
assessment unit 232 calculates the horizontal difference
between a location in the transverse direction at the first
estimated location P1, and a location in the transverse
direction at the second estimated location P2, as the first
difference D1. If the first difference is large, it may be
attributable to an abnormality in the camera 2, a mismatch
between the map information and the current terrain, or an
abnormality in the vehicle speed sensor 6 and/or yaw rate
sensor 7.

The first difference D1 between a first estimated location
P1 of the vehicle 10 estimated based on an image repre-
senting road features and positional information for the road
features, and a second estimated location P2 of the vehicle
10 estimated by dead reckoning, represents the relative
validity of the second estimated location P2 with respect to
the first estimated location P1.

The assessment unit 232 then determines a second dif-
ference between the third estimated location of the vehicle
10 at the current camera image photograph time, and the
current location (step S106). The second difference repre-
sents the distance between the third estimated location and
current location. The second difference may also be divided
into a vertical difference in the direction matching the
traveling direction of the vehicle 10 and a horizontal differ-
ence in the direction perpendicular to the traveling direction
of the vehicle 10. The second difference may also be the
distance between two locations on the map. When the
second difference is large and the first difference is small, the
cause may be that the vehicle 10 is sliding laterally. The
second difference is an example of the first difference
described in the Claims.

FIG. 6 is a diagram illustrating an example of the second
difference. At the current camera image photograph time t2,
the vehicle 10 has moved from the location at the previous
camera image photograph time t3 to third estimated location
P3. At the current camera image photograph time t2, the
assessment unit 232 calculates the difference between a
location in the transverse direction at the current location P0
of the vehicle 10, and a location in the transverse direction
at the third estimated location P3, as the second difference
D2. When the vehicle 10 is traveling on a curving road as in
the example shown in FIG. 6, it may slide laterally depend-
ing on the condition of the road surface.

The second difference D2 between the third estimated
location P3 of the vehicle 10 estimated by dead reckoning
and the current location PO of the vehicle 10 calculated using
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a prediction filter represents the validity of the current
location PO of the vehicle 10 with respect to the third
estimated location P3.

The assessment unit 232 then determines the state of
precision of the current location of the vehicle 10 based on
the first difference and/or second difference, thus completing
the series of processing steps (step S107). Assessment
processing by the assessment unit 232 will now be described
in detail.

FIG. 7 is a diagram illustrating an example of assessment
processing. As shown in FIG. 7, the state of precision of the
current location of the vehicle 10 is determined as Normal
1 (Normal), Normal 2 (Hands-off), Abnormal 1 (Hands-on)
or Abnormal 2 (Transition Demand: TD).

When the state of precision of the current location of the
vehicle 10 is determined to be Normal 1 (Normal), driving
of'the vehicle 10 is automatically controlled in a safe manner
based on the current location of the vehicle 10 estimated by
the location estimating device 12.

When the state of precision of the current location of the
vehicle 10 is determined to be Normal 2 (Hands-off), the
precision of the current location of the vehicle 10 is in the
allowable range for control of the autonomous control
system 1, although less than for Normal 1 (Normal). Driving
of the vehicle 10 can therefore be autonomously controlled
in a safe manner based on the current location of the vehicle
10 estimated by the location estimating device 12.

When the state of precision of the current location of the
vehicle 10 is determined to be Abnormal 1 (Hands-on), the
precision of the current location of the vehicle 10 may
potentially be beyond the allowable range for control of the
autonomous control system 1. When the state of precision of
the current location of the vehicle 10 has been determined to
be Abnormal 1 (Hands-on), the assessment unit 232 gives
notification of a request to contribute to driving of the
vehicle 10, via the Ul 5. Specifically, the assessment unit
232 notifies the driver of a hands-on request for holding of
the steering wheel. The autonomous control system 1 auto-
matically controls driving of the vehicle 10 with the steering
wheel being held by the driver. The driver can operate the
steering wheel when the driver has determined that driving
of the vehicle 10 by autonomous control is not safe.

When the state of precision of the current location of the
vehicle 10 is determined to be Abnormal 2 (TD), the
precision of the current location of the vehicle 10 is esti-
mated to be beyond the allowable range for control of the
autonomous control system 1. When the state of precision of
the current location of the vehicle 10 has been determined to
be Abnormal 2 (TD), the assessment unit 232 notifies the
driver of a request to further contribute to driving of the
vehicle 10, via the Ul 5. Specifically, the assessment unit
232 notifies the driver of a control transition request via the
Ul 5, as a request to switch driving of the vehicle 10 from
autonomous control to manual control.

FIG. 8 is an example of an operation flow chart for
assessment processing of the location estimating device 12
according to the embodiment. Assessment processing is
carried out according to the operation flow chart shown in
FIG. 8 for each current state of precision of the current
location of the vehicle 10.

The current state of precision of the current location of the
vehicle 10 will be explained first for assessment processing
for Normal 1 (Normal).

First, the assessment unit 232 determines whether or not
the first difference satisfies a poorer condition (step S201).
The poorer condition is a condition indicating whether or not
the state of precision of the current location of the vehicle 10
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is worse than the current state. The poorer condition may be
one in which the proportion of first differences, from among
multiple first differences calculated between the current
camera photograph time and the time just before it by a
predetermined time (such as 1 second), that exceed a poorer
condition threshold is above a reference value. For example,
the condition thl with change from Normal 1 (Normal) to
Normal 2 (Hands-off) may have 0.1 m as the poorer con-
dition threshold and 0.5 as the reference value. The condi-
tion th2 with change from Normal 1 (Normal) to Abnormal
1 (Hands-on) may have 0.3 m as the poorer condition
threshold and 0.6 as the reference value. The condition th3
with change from Normal 1 (Normal) to Abnormal 2 (TD)
may have 0.5 m as the poorer condition threshold and 0.8 as
the reference value.

Assessment that condition 1 is satisfied, for the purpose of
the present specification, means that multiple first differ-
ences calculated between the current camera photograph
time and the time just before it by a predetermined time
(such as 1 second) satisfy condition 1 but do not satisty
condition 2. Assessment that condition 2 is satisfied, for the
purpose of the present specification, means that multiple first
differences calculated between the current camera photo-
graph time and the time just before it by a predetermined
time (such as 1 second) satisty condition 2 but do not satisfy
condition 3. This also applies to the other assessment
processing.

When the first difference satisfies the poorer condition
(step S201—Yes), the assessment unit 232 changes the state
of precision of the current location of the vehicle 10 (step
S206), and the series of processing steps is complete. When
the first difference satisfies condition thl, the state of pre-
cision of the current location of the vehicle 10 is changed
from Normal 1 (Normal) to Normal 2 (Hands-off). When the
first difference satisfies condition th2, the state of precision
of the current location of the vehicle 10 is changed from
Normal 1 (Normal) to Abnormal 1 (Hands-on). When the
first difference satisfies condition th3, the state of precision
of the current location of the vehicle 10 is changed from
Normal 1 (Normal) to Abnormal 2 (TD).

When the first difference does not satisfy the poorer
condition (step S201—No), the assessment unit 232 deter-
mines whether or not the second difference satisfies the
poorer condition (step S202). The poorer condition may be
one in which at least one second difference, from among
multiple second differences calculated between the current
camera photograph time and the time just before it by a
predetermined time (such as 1 second), is equal to or greater
than the poorer condition threshold. For example, the con-
dition th1l with change from Normal 1 (Normal) to Normal
2 (Hands-off) may have 0.2 m as the poorer condition
threshold. The condition th2 with change from Normal 1
(Normal) to Abnormal 1 (Hands-on) may have 0.4 m as the
poorer condition threshold. The condition th3 with change
from Normal 1 (Normal) to Abnormal 2 (TD) may have 0.6
m as the poorer condition threshold. When curvature assess-
ment of the road on which the vehicle 10 is traveling is
greater than a reference curvature, the poorer condition
threshold may be higher than when it is equal to or below the
reference curvature. This is because the degree of change in
location tends to be larger when the road is curved. For the
second difference it is not necessary to determine change
from Normal 1 (Normal) to Normal 2 (Hands-of}).

When the second difference satisfies the poorer condition
(step S202—Yes), the assessment unit 232 changes the state
of precision of the current location of the vehicle 10 (step
S206), and the series of processing steps is complete. When
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the second difference satisfies condition thl, the state of
precision of the current location of the vehicle 10 is changed
from Normal 1 (Normal) to Normal 2 (Hands-off). When the
second difference satisfies condition th2, the state of preci-
sion of the current location of the vehicle 10 is changed from
Normal 1 (Normal) to Abnormal 1 (Hands-on). When the
second difference satisfies condition th3, the state of preci-
sion of the current location of the vehicle 10 is changed from
Normal 1 (Normal) to Abnormal 2 (TD).

When the second difference does not satisfy the poorer
condition (step S202—No), the assessment unit 232 deter-
mines that the state of precision of the current location of the
vehicle 10 has no change (step S205), and the series of
processing steps is complete. When the current state of
precision of the current location of the vehicle 10 is Normal
1 (Normal), the processing of step S203 and step S204 is not
carried out.

The current state of precision of the current location of the
vehicle 10 will now be explained for assessment processing
for Normal 2 (Hands-off).

First, the assessment unit 232 determines whether or not
the first difference satisfies a poorer condition (step S201).
The poorer condition may be one in which the proportion of
first differences, from among multiple first differences cal-
culated between the current camera photograph time and the
time just before it by a predetermined time (such as 1
second), that exceed a poorer condition threshold is equal to
or above a reference value. For example, the condition th2
with change from Normal 2 (Hands-off) to Abnormal 1
(Hands-on) may have 0.3 m as the poorer condition thresh-
old and 0.6 as the reference value. The condition th3 with
change from Normal 2 (Hands-oft) to Abnormal 2 (TD) may
have 0.5 m as the poorer condition threshold and 0.8 as the
reference value.

When the first difference satisfies the poorer condition
(step S201—Yes), the assessment unit 232 changes the state
of precision of the current location of the vehicle 10 (step
S206), and the series of processing steps is complete. When
the first difference satisfies condition th2, the state of pre-
cision of the current location of the vehicle 10 is changed
from Normal 2 (Hands-off) to Abnormal 1 (Hands-on).
When the first difference satisfies condition th3, the state of
precision of the current location of the vehicle 10 is changed
from Normal 2 (Hands-off) to Abnormal 2 (TD).

When the first difference does not satisfy the poorer
condition (step S201—No), the assessment unit 232 deter-
mines whether or not the second difference satisfies the
poorer condition (step S202). The poorer condition may be
one in which at least one second difference, from among
multiple second differences calculated between the current
camera photograph time and the time just before it by a
predetermined time (such as 1 second), is equal to or greater
than the poorer condition threshold. For example, the con-
dition th2 with change from Normal 2 (Hands-off) to Abnor-
mal 1 (Hands-on) may have 0.4 m as the poorer condition
threshold. The condition th3 with change from Normal 2
(Hands-off) to Normal 2 (Hands-off) may have 0.6 m as the
poorer condition threshold. When curvature assessment of
the road on which the vehicle 10 is traveling is greater than
a reference curvature, the poorer condition threshold may be
higher than when it is equal to or below the reference
curvature.

When the second difference satisfies the poorer condition
(step S202—Yes), the assessment unit 232 changes the state
of precision of the current location of the vehicle 10 (step
S206), and the series of processing steps is complete. When
the second difference satisfies condition th2, the state of
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precision of the current location of the vehicle 10 is changed
from Normal 2 (Hands-off) to Abnormal 1 (Hands-on).
When the second difference satisfies condition th3, the state
of precision of the current location of the vehicle 10 is
changed from Normal 2 (Hands-off) to Abnormal 2 (TD).

When the second difference does not satisfy the poorer
condition (step S202—No), the assessment unit 232 deter-
mines whether or not the first difference satisfies the
improved condition (step S203). The improved condition is
a condition indicating whether or not the state of precision
of the current location of the vehicle 10 is better than the
current state. The improved condition may be one in which
the proportion of first differences, from among multiple first
differences calculated between the current camera photo-
graph time and the time just before it by a predetermined
time (such as 1 second), that are equal to or below an
improved condition threshold is equal to or above a refer-
ence value. For example, the condition th4 with change from
Normal 2 (Hands-off) to Normal 1 (Normal) may have 0.1
m as the improved condition threshold and 0.8 as the
reference value.

When the first difference satisfies the improved condition
(step S203—Yes), the assessment unit 232 changes the state
of precision of the current location of the vehicle 10 (step
S206), and the series of processing steps is complete. When
the first difference satisfies condition th4, the state of pre-
cision of the current location of the vehicle 10 is changed
from Normal 2 (Hands-off) to Normal 1 (Normal).

When the first difference does not satisfy the improved
condition (step S203—No), the assessment unit 232 deter-
mines whether or not the second difference satisfies the
improved condition (step S204). The improved condition
may be one in which at least one second difference, from
among multiple second differences calculated between the
current camera photograph time and the time just before it
by a predetermined time (such as 1 second), is equal to or
less than the improved condition threshold. For example, the
condition th4 with change from Normal 2 (Hands-off) to
Normal 1 (Normal) may have 0.2 m as the improved
condition threshold.

When the second difference satisfies the improved con-
dition (step S204—Yes), the assessment unit 232 changes
the state of precision of the current location of the vehicle 10
(step S206), and the series of processing steps is complete.
When the second difference satisfies condition th4, the state
of precision of the current location of the vehicle 10 is
changed from Normal 2 (Hands-off) to Normal 1 (Normal).

When the second difference does not satisfy the improved
condition (step S203—No), the assessment unit 232 deter-
mines that the state of precision of the current location of the
vehicle 10 has no change (step S205), and the series of
processing steps is complete.

The current state of precision of the current location of the
vehicle 10 will now be explained for assessment processing
for Abnormal 1 (Hands-on).

First, the assessment unit 232 determines whether or not
the first difference satisfies a poorer condition (step S201).
The poorer condition may be one in which the proportion of
first differences, from among multiple first differences cal-
culated between the current camera photograph time and the
time just before it by a predetermined time (such as 1
second), that exceed a poorer condition threshold is equal to
or above a reference value. For example, the condition th3
with change from Abnormal 1 (Hands-on) to Abnormal 2
(TD) may have 0.5 m as the poorer condition threshold and
0.8 as the reference value.
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When the first difference satisfies the poorer condition
(step S201—Yes), the assessment unit 232 changes the state
of precision of the current location of the vehicle 10 (step
S206), and the series of processing steps is complete. When
the first difference satisfies condition th3, the state of pre-
cision of the current location of the vehicle 10 is changed
from Abnormal 1 (Hands-on) to Abnormal 2 (TD).

When the first difference does not satisfy the poorer
condition (step S201—No), the assessment unit 232 deter-
mines whether or not the second difference satisfies the
poorer condition (step S202). The poorer condition may be
one in which at least one second difference, from among
multiple second differences calculated between the current
camera photograph time and the time just before it by a
predetermined time (such as 1 second), is equal to or less
than the poorer condition threshold. For example, the con-
dition th3 with change from Abnormal 1 (Hands-on) to
Abnormal 2 (TD) may have 0.6 m as the poorer condition
threshold. When curvature assessment of the road on which
the vehicle 10 is traveling is greater than a reference
curvature, the poorer condition threshold may be higher than
when it is equal to or below the reference curvature.

When the second difference satisfies the poorer condition
(step S202—Yes), the assessment unit 232 changes the state
of precision of the current location of the vehicle 10 (step
S206), and the series of processing steps is complete. When
the second difference satisfies condition th3, the state of
precision of the current location of the vehicle 10 is changed
from Abnormal 1 (Hands-on) to Abnormal 2 (TD).

When the second difference does not satisfy the poorer
condition (step S202—No), the assessment unit 232 deter-
mines whether or not the first difference satisfies the
improved condition (step S203). The improved condition
may be one in which the proportion of first differences, from
among multiple first differences calculated between the
current camera photograph time and the time just before it
by a predetermined time (such as 1 second), that are equal
to or below an improved condition threshold is equal to or
above a reference value. For example, the condition thS with
change from Abnormal 1 (Hands-on) to Normal 2 (Hands-
off) may have 0.3 m as the improved condition threshold and
1.0 as the reference value.

When the first difference satisfies the improved condition
(step S203—Yes), the assessment unit 232 changes the state
of precision of the current location of the vehicle 10 (step
S206), and the series of processing steps is complete. When
the first difference satisfies condition th5, the state of pre-
cision of the current location of the vehicle 10 is changed
from Abnormal 1 (Hands-on) to Normal 2 (Hands-off).

When the first difference does not satisfy the improved
condition (step S203—No), the assessment unit 232 deter-
mines whether or not the second difference satisfies the
improved condition (step S204). The improved condition
may be one in which at least one second difference, from
among multiple second differences calculated between the
current camera photograph time and the time just before it
by a predetermined time (such as 1 second), is equal to or
less than the improved condition threshold. For example, the
condition thS with change from Abnormal 1 (Hands-on) to
Normal 2 (Hands-off) may have 0.4 m as the improved
condition threshold.

When the second difference satisfies the improved con-
dition (step S204—Yes), the assessment unit 232 changes
the state of precision of the current location of the vehicle 10
(step S206), and the series of processing steps is complete.
When the second difference satisfies condition thS5, the state
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of precision of the current location of the vehicle 10 is
changed from Abnormal 1 (Hands-on) to Normal 2 (Hands-
off).

When the second difference does not satisfy the improved
condition (step S204—No), the assessment unit 232 deter-
mines that the state of precision of the current location of the
vehicle 10 has no change (step S205), and the series of
processing steps is complete.

The current state of precision of the current location of the
vehicle 10 will now be explained for assessment processing
for Abnormal 2 (TD). When the current state of precision of
the current location of the vehicle 10 is Abnormal 2 (TD),
assessment processing is carried out until the driver
acknowledges the control transfer request.

First, the assessment unit 232 determines whether or not
the first difference satisfies the improved condition (step
S203). When the current state of precision of the current
location of the vehicle 10 is Abnormal 2 (TD), the process-
ing of step S201 and step S202 is not carried out. The
improved condition may be one in which the proportion of
first differences, from among multiple first differences cal-
culated between the current camera photograph time and the
time just before it by a predetermined time (such as 1
second), that are equal to or below an improved condition
threshold is equal to or above a reference value. For
example, the condition thS with change from Abnormal 2
(TD) to Normal 2 (Hands-off) may have 0.3 m as the
improved condition threshold and 1.0 as the reference value.

When the first difference satisfies the improved condition
(step S203—Yes), the assessment unit 232 changes the state
of precision of the current location of the vehicle 10 (step
S206), and the series of processing steps is complete. When
the first difference satisfies condition thS, the state of pre-
cision of the current location of the vehicle 10 is changed
from Abnormal 2 (TD) to Normal 2 (Hands-off).

When the first difference does not satisfy the improved
condition (step S203—No), the assessment unit 232 deter-
mines whether or not the second difference satisfies the
improved condition (step S204). The improved condition
may be one in which at least one second difference, from
among multiple second differences calculated between the
current camera photograph time and the time just before it
by a predetermined time (such as 1 second), is equal to or
less than the improved condition threshold. For example, the
condition th5 with change from Abnormal 2 (TD) to Normal
2 (Hands-off) may have 0.4 m as the improved condition
threshold.

When the second difference satisfies the improved con-
dition (step S204—Yes), the assessment unit 232 changes
the state of precision of the current location of the vehicle 10
(step S206), and the series of processing steps is complete.
When the second difference satisfies condition th5, the state
of precision of the current location of the vehicle 10 is
changed from Abnormal 2 (TD) to Normal 2 (Hands-off).

When the second difference does not satisfy the improved
condition (step S204—No), the assessment unit 232 deter-
mines that the state of precision of the current location of the
vehicle 10 has no change (step S205), and the series of
processing steps is complete.

In the assessment processing described above, the assess-
ment 233 determined the state of precision of the current
location of the vehicle 10 based on the first difference or
second difference. However, the assessment 233 may also
determine the state of precision of the current location of the
vehicle 10 based on the first difference and second differ-
ence. In this case, the assessment 233 determines that the
state of precision of the current location is poorer when both
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the first difference satisfies the poorer condition (step
S201—Yes) and the second difference satisfies the poorer
condition (step S202—Yes). The assessment 233 also deter-
mines that the state of precision of the current location is
better when both the first difference satisfies the improved
condition (step S203—Yes) and the second difference sat-
isfies the improved condition (step S204—Yes).

The method of considering how to determine the afore-
mentioned poorer condition and improved condition will
now be explained with reference to FIG. 9 and FIG. 10. FIG.
9 and FIG. 10 are diagrams illustrating a manner of con-
sidering how to determine poorer condition and improved
condition.

In the example shown in FIG. 9, the vehicle 900 indicates
a first estimated location at time t1 to t4 (estimated location
based on road features), the vehicle 901 indicates a second
estimated location at time t1 to t4 (estimated location based
on dead reckoning), and the vehicle 902 indicates a current
location at time tl to t4 (estimated location based on
prediction filter). A camera abnormality occurs at time tl,
and the first estimated location indicated by the vehicle 900
has moved by 8 (1 m) in the transverse direction with respect
to the second estimated location indicated by the vehicle
901. The camera abnormality persists thereafter. The vehicle
travels at a fixed speed, and the subsequent first estimated
location, second estimated location and current location are
determined by simulation. The current location indicated by
the vehicle 902 approaches the first estimated location
indicated by vehicle 900 as time progresses.

FIG. 10 shows degrees of positional shifting in the
transverse direction for the current location of the vehicle
902, together with elapsed times, for vehicle speeds of 40
km/h, 80 km/h and 136 km/h. The total for each location is
calculated every 100 ms.

The current location of the vehicle 902 moves up to 90%
of the shift d (1 m) due to abnormality in the first estimated
location of the vehicle 900 during the time from time t1
(20,000 ms) to about 1 second afterwards (21,000 ms). The
current location of the vehicle 902 moves about 0.1 m in the
transverse direction in 100 msec, moves about 0.3 m in the
transverse direction in 150 msec, and moves about 0.5 m in
the transverse direction in 300 msec. The degree of posi-
tional shifting in the transverse direction for the current
location of the vehicle 902 was about the same for vehicle
speeds of 40 km/h, 80 km/h and 136 km/h. The first
difference and second difference can be calculated every ~32
msec.

Based on the results shown in FIG. 10 for the poorer
condition for the first difference, it is possible that the
condition th1 has a poorer condition threshold of 0.1 m and
a reference value of 0.5, the condition th2 has a poorer
condition threshold of 0.3 m and a reference value of 0.6,
and the condition th3 has a poorer condition threshold of 0.5
m and a reference value of 0.8.

Based on the results shown in FIG. 10 for the poorer
condition for the second difference, it is possible that the
condition th1 has a poorer condition threshold of 0.2 m, the
condition th2 has a poorer condition threshold of 0.4 m and
the condition th3 has a poorer condition threshold of 0.6 m.

Based on the results shown in FIG. 10 for the improved
condition for the first difference, it is possible that the
condition th4 has an improved condition threshold of 0.1 m
and a reference value of 0.8, and the condition th5 has an
improved condition threshold of 0.3 m and a reference value
of 1.0.

Based on the results shown in FIG. 10 for the improved
condition for the second difference, it is possible that the
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condition th4 has an improved condition threshold of 0.2 m
and the condition thS has an improved condition threshold of
0.4 m.

The positional precision assessment device of the embodi-
ment described above can determine the state of precision of
an estimated current location of the vehicle.

The positional precision assessment device, computer
program for positional precision assessment and method for
determining positional precision according to the embodi-
ment described above may incorporate appropriate modifi-
cations that still fall within the gist of the disclosure.
Moreover, the technical scope of the disclosure is not limited
to these embodiments, and includes the invention and its
equivalents as laid out in the Claims.

For example, for the embodiment described above the
assessment unit determined the state of precision of the
current location of the vehicle based on the first difference
or second difference, but the assessment unit may also
determine the state of precision of the current location of the
vehicle based on the second difference.

Moreover, the first estimated location of the embodiment
described above represented the estimated location of the
vehicle for each camera photograph time. This does not
allow calculation of the estimated location between the
previous camera photograph time and the current camera
photograph time based on road features. Therefore, the
location of the vehicle between the estimated location of the
vehicle at the previous camera photograph time and the
estimated location of the vehicle at the current camera
photograph time may be calculated by dead reckoning with
the estimated location of the vehicle at the previous camera
photograph time as the starting point, and used as the first
estimated location.

The assessment processing described above is only one
example, and the assessment conditions are not limited to
the above description.

The invention claimed is:

1. A positional precision assessment device comprising:

a processor configured to

estimate a first location of a moving object at a first
time based on an image representing road features on
a road surface surrounding the moving object at the
first time and positional information for the road
features on the road surface,

estimate a second location of the moving object at the
first time based on a location of the moving object at
a second time which is before the first time, and an
amount of movement and change in direction of the
moving object from the second time to the first time,

input the first location and second location at the first
time into a prediction filter and calculate a current
location of the moving object at the first time,

determine a state of precision of the current location of
the moving object by calculating a first difference
between the current location of the moving object at
the first time and a location estimated based on a
location of the moving object at a time prior to the
first time and an amount of movement and change in
direction of the moving object from the prior time to
the first time, and categorizing the state of precision
in correspondence with whether autonomous driving
in an autonomous vehicle is allowable based on the
calculation, and

provide an indication via a user interface in the autono-
mous vehicle to indicate whether autonomous driv-
ing is allowable based upon the categorizing of the
state.
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2. The positional precision assessment device according
to claim 1, wherein the processor is further configured to

calculate a second difference between the first location

and the second location of the moving object at the first
time, and

determine the state of precision of the current location of

the moving object based on the first difference and
second difference.

3. The positional precision assessment device according
to claim 1, wherein the processor is further configured to

use a different reference when determining for change

from a good state to a poor state of precision of the
current location of the moving object, and when deter-
mining for change from the poor state to the good state
of precision of the current location of the moving
object.

4. The positional precision assessment device according
to claim 2, wherein the processor is further configured to

determine the state of precision of the current location of

the moving object by comparing the second difference
with a predetermined reference threshold.

5. The positional precision assessment device according
to claim 1, wherein the processor is further configured to

notify a driver of need to participate in operation of the

moving object, via a notification unit, based on the state
of precision of the current location of the moving
object.

6. The positional precision assessment device according
to claim 1, wherein the processor is further configured to use
the second time as the prior time.

7. A computer-readable non-transitory storage medium
storing a computer program for positional precision assess-
ment, which causes a processor execute a process, the
process comprising:

estimating a first location of a moving object at a first time

based on an image representing road features on a road
surface surrounding the moving object at the first time
and positional information for the road features on the
road surface;

estimating a second location of the moving object at the

first time based on a location of the moving object at a
second time which is before the first time, and an
amount of movement and change in direction of the
moving object from the second time to the first time;
inputting the first location and second location at the first
time into a prediction filter and calculate a current
location of the moving object at the first time; and
determining a state of precision of the current location of
the moving object by calculating a first difference
between the current location of the moving object at the
first time and a location estimated based on a location
of the moving object at a time prior to the first time and
an amount of movement and change in direction of the
moving object from the prior time to the first time, and
categorizing the state of precision in correspondence
with whether autonomous driving in an autonomous
vehicle is allowable based on the calculation, and
providing an indication via a user interface in the autono-
mous vehicle to indicate whether autonomous driving
is allowable based upon the categorizing of the state.

8. A method for determining positional precision carried
out by a positional precision assessment device and the
method comprising:

estimating a first location of a moving object at a first time

based on an image representing road features on a road
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surface surrounding the moving object at the first time
and positional information for the road features on the
road surface;
estimating a second location of the moving object at the
first time based on a location of the moving objectata 5
second time which is before the first time, and an
amount of movement and change in direction of the
moving object from the second time to the first time;
inputting the first location and second location at the first
time into a prediction filter and calculate a current 10
location of the moving object at the first time; and
determining a state of precision of the current location of
the moving object by calculating a first difference
between the current location of the moving object at the
first time and a location estimated based on a location 15
of the moving object at a time prior to the first time and
an amount of movement and change in direction of the
moving object from the prior time to the first time, and
categorizing the state of precision in correspondence
with whether autonomous driving in an autonomous 20
vehicle is allowable based on the calculation, and
providing an indication via a user interface in the autono-
mous vehicle to indicate whether autonomous driving
is allowable based upon the categorizing of the state.
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